Background and Purpose: By means of neurological and ophthalmologic examinations we considered whether there is a microcirculatory disorder not related to hypertension and diabetes in patients with lacunar infarcts and whether there are microcirculatory differences in patients with lacunar infarcts compared with those with white matter attenuation.
T he improved resolution of present generation computed tomography (CT), the introduction of magnetic resonance imaging technology, and the survival of increasing numbers of the population into old age have stimulated interest in lacunar infarcts, in white matter attenuation ("leukoaraiosis"), and in Binswanger's disease. [1] [2] [3] Epidemiological and pathoanatomic investigations have identified age and hypertension as important risk factors for lacunar infarcts and white matter attenuation.124-9 However, the following questions are still debated: Is there a microcirculatory disorder exceeding the presence of hypertensive or diabetic small vessel disease in patients having lacunar infarcts? Is the white matter attenuation visible on CT related to a microcirculatory disorder? In response to these questions, this study was conducted to examine whether there is a microcirculatory disorder not related to hypertension and diabetes in patients with lacunar infarcts and whether there are microcirculatory differ-ences in patients with lacunar infarcts compared with those with white matter attenuation.
Methods
Between March 1986 and March 1991, 208 patients with lacunar infarcts were admitted to the Neurological Department. The diagnostic criteria for a lacunar syndrome corresponded to those given by Fisher.' All patients received clinical examination on admission and several times during hospital treatment. CT examination was done within 2 weeks after admission and was repeated 1 year later. Stenosis of the neck vessels was ruled out by Doppler sonography. In general, angiography was not performed, and patients displaying large vessel abnormalities on Doppler sonography were excluded. Patients displaying CT-identified lesions larger than 10 mm, patients with superficial infarcts, and patients with atrial fibrillation were excluded as well. Transthoracic and transesophageal echocardiography were performed when judged useful to exclude patients with possible embolic sources of lacunar infarcts.10 In addition, patients with concomitant diseases that might influence the microcirculation were excluded. Furthermore, in some patients videofluorescence angiography was not possible because of diseases involving the refracting media, and some people were unable to cooperate. Eighty participants remained in the study. 
Matching Process
Patients matched for age, sex, hypertensive and diabetic fundus changes, and smoking were taken from a database of patients who underwent ophthalmologic examination in the Department of Ophthalmology. This data base contains more than 3000 subjects, and exact adjustment of individual matching partners was thus possible. The hypertensive changes on the ocular fundus were subclassified into four categories according to Neubauer's12 classification system. Matching was extended to these categories (Table 1) . These patients were screened using a questionnaire for the absence of signs or symptoms of stroke, and all except 15 patients with a normal fundus underwent examination in the Department of Ophthalmology for hypertensive or diabetic retinopathy. In all cases blood samples were taken and videofluorescence angiography was performed within 6 weeks after admission to the hospital. 
Ophthalmologic Examination
The vessels of the ocular fundus were examined and assessed by direct ophthalmoscopy producing an upright image (Zeiss Cie), by indirect ophthalmoscopy (inverted image) using the Zeiss ophthalmoscope and examining lens, and, where necessary, by slit-lamp microscopy using a Goldmann triple-mirror contact lens. The retinal arteries and veins and their branches were assessed, the retinal parenchyma was described, and the optic nerve head was examined. The classic ocular fundus changes with hypertension (eg, variations in vascular caliber, changes in vascular reflexes, hemorrhages, exudates, optic nerve head changes, and so forth) were recorded using Neubauer's12 grading system of hypertension and were used for the assessment.
Videofluorescence Angiography
For videofluorescence angiography, 7 mg sodium fluorescein/kg body wt (5 mL, 10%) was given by IV injection.1314 The videofluorescence angiogram was recorded using a Zeiss VK 50 fundus camera with an adapted video system. The videotapes were analyzed using an image analysis computer (Mikrovideomat 3, Zeiss Oberkochen). Density variations in the fluorescein angiograms were analyzed by means of a digital image-processing system. The angiograms were first corrected for eye movements based on a recursive estimation method.15 After correction, the digital image-processing system measured the entire angiogram sequence, recording the intensity of fluorescein at various locations. Four points (size, 3 x 3 pixel) were interactively selected for measurement. The computer then analyzed the entire angiogram frame by frame. Fifty frames per second were evaluated. For each image, the program recorded the mean intensity levels at each of the selected locations. Intensity curves were obtained by plotting the collected data against the time axis. The time of the first appearance of fluorescein was evaluated from the intensity curves. Two points were selected for measurement on the superotemporal and inferotemporal arteries 0.5-disk diameter from the disk margin. The time elapsed between injection of the dye into the antecubital vein and its appearance at these points provided the macrocirculatory arm-retina time (ART). The time elapsed between the appearance of dye at the reference point in the temporal arteries and an adjacent point in the corresponding vein was used to determine the arteriovenous passage time (AVP; Figure) . The data obtained from the superior and inferior temporal quadrants were averaged for each patient to obtain representative values for the posterior pole, not only for one temporal quadrant. The intraindividual variation for the AVP is 15.6%. All angiograms were evaluated in masked fashion with no clinical data available.
Statistics
The Kruskal-Wallis rank test was used to establish whether significant mean differences could be identified for individual variables. Subsequent Mann-Whitney U tests were performed for all pairs of groups. The probability values of these comparisons were subjected to Holm's16 sequentially rejective multiple test procedure at an overall type I error level of 0.05 per variable examined.
Results

Clinical Findings
The clinical results are shown in Table 2 . Thirty patients were symptom-free on admission, and no post hoc classification was performed. Comparison of the original 208 patients with the remaining 80 disclosed no clinical differences.
CT Classification
Thirteen patients (16%) had a normal CT, 26 (32.5%) presented white matter attenuation, 19 (24%) had lacunar infarcts, and 22 (27.5%) had both lacunar infarcts and white matter attenuation. In 27 patients the lacune visible on CT was appropriate to symptoms. Nineteen patients had a single lacune, 4 patients had 2 lacunes, and 18 patients had 3 or more lacunes on CT. The CT subgroups were compared as to whether there were differences in risk factors, age, and sex. No differences were found except for age. Patients having white matter attenuation alone were significantly older than the patients of the other subgroups (67.4±6.6 versus 59.4±5.3 years, P=.03 by Holm's procedure).
Ophthalmologic Results
Of the 80 neurological patients, 63 displayed hypertensive changes of the ocular fundus. Detailed data are shown in Table 1 . Since these hypertensive changes were part of the matching criteria, the same frequencies are found for the ophthalmologic subjects. Only four neurological patients had a diabetic retinopathy; they were matched with ophthalmologic patients with the same changes.
AVP
AVP in the neurological and the ophthalmologic groups differed considerably (P=.0001 by Mann-Whitney U test; Table 3 ). In the ophthalmologic patients the AVP was 1.61 seconds compared with 2.60 seconds in the patients with lacunar infarcts. No significant differences in ART were found. The same analysis was performed for each CT subgroup and the corresponding matching partners. Differences were most significant for patients having both lacunar infarcts and white matter attenuation (P=.0001), followed by patients with lacunar infarcts alone (P=.0002) and patients with white matter attenuation alone (P=.001). Differences were less pronounced but still significant for patients without CT changes (P=.007). Ataxic hemiparesis 6 7.5 Clumsy-hand dysarthria 3 3.8 Symptom free on admission 30 37.5 No post hoc classification was attempted on the 30 symptomfree patients. pared with those having white matter attenuation only (Table 4) . AVP was significantly faster in patients with severe white matter attenuation (n=8) compared with patients with slight white matter attenuation (n-14; P=.02 by Holm's procedure). Patients with moderate changes (n=4) were not numerous enough to undergo statistical evaluation.
Discussion
Comparison of our clinical data with recent publications17-2'2 did not reveal any important differences. However, on admission 30 patients had already returned to a normal neurological status. For these patients we tried to reconstruct the initial lacunar syndrome. However, these patients were not classified into lacunar syndrome categories because the data from history taking, with a predictive value of 0.74,21 appeared too unreliable. In 10 14 those patients the diagnosis of a lacunar stroke was based on the presence of a lacunar infarct on CT, the absence of large vessel or cardiac disease, and good recovery. The remaining patients presented the most frequent lacunar syndromes (Table 2) .
Acquisition and interpretation of our data depended on the ongoing development of CT technology. Because resolution was not as good one CT generation ago, many patients who presented with the CT features of white matter attenuation and lacunar infarcts would earlier have been classified in the group with lacunar infarcts without white matter attenuation or normal. However, the resolution of the computer tomograph used in this study allowed the detection of lesions as small as 2 mm, and therefore the majority of lacunar infarcts was most probably documented. Furthermore, we used the most rigorous radiological definition of lacunar infarcts and of white matter attenuation described thus far. 18722-30 One could question whether patients without proven lacunar infarcts on CT were really lacunar. However, Boiten, 17 quence of a microcirculatory disorder. The latter seems more reasonable to us.
